Introduction
Dietary fat intake is a risk factor for ischemic heart disease. Multiple observational and interventional studies have shown that diets high in saturated [1, 2] and trans -saturated fat [3] increase LDL cholesterol, decrease HDL cholesterol, and increase the risk of myocardial infarction [4] [5] [6] , while diets high in polyunsaturated and monounsaturated fat have the opposite effect [1] . Largely to limit saturated fat intake, the US Department of Health guidelines recommend that for adults total fat should constitute only 20-35% (max. 65-70 g) of daily caloric intake, and monounsaturated and polyunsaturated fat be substituted for saturated and trans -saturated fat [7] .
There is no consensus on the relationship between dietary fat intake and ischemic stroke. Studies have reported that high intake of saturated fat is associated with decreased [8] [9] [10] , increased [11] and neutral [12] stroke risk. Further, there is little agreement on the effect of other fat subtypes, dietary cholesterol and total fat intake. Finally, dietary fat guidelines have recently been relaxed, from 30 to 35% of total caloric intake [7] . The aim of this prospective cohort study was to examine the relationship between total fat intake and ischemic stroke risk in a multiethnic urban population. 
Methods

Participants
The Northern Manhattan Study (NOMAS) is a prospective cohort study of stroke risk factors in a multi-ethnic population. All participants reside in northern Manhattan, New York, which consists of the region north of 145th Street, south of 218th Street, bordered on the west by the Hudson River, and on the east by the Harlem River. In 1990, when the study began, nearly 260,000 people lived in the community, with 40% over the age of 39, and a race-ethnic mixture consisting of 20% black, 63% Hispanic and 15% white residents.
The methods of participant recruitment and enrolment have been described previously [13, 14] . Participants were enrolled if they were: (1) free of previous stroke; (2) age 1 40 years, and (3) resident in northern Manhattan for over 3 months in a household with a telephone. Subjects were identified by random digit utilizing dual frame sampling and interviews were conducted using trained bilingual interviewers. The telephone response rate was 91% (9% refused to be screened), and 87% of those eligible indicated willingness to participate. Subjects were recruited from the telephone sample to have an in-person baseline interview and assessment. The enrolment response rate was 75% with an overall response rate of 68% (telephone response ! enrolment response). After exclusion of ineligible candidates, a cohort of 3,298 was enrolled between 1993 and 2001. Of these, 3,183 individuals completed the baseline diet survey (97%). The Columbia University Medical Center institutional review board approved the study, and written consent was obtained from participants.
Baseline Evaluation
Participants completed a comprehensive baseline in-person assessment of diet, sociodemographic data, risk factors and medical history [15] . Race/ethnicity was classified by self-identification. Medical history was assessed using questions adapted from the Behavioral Risk Factor Surveillance System from the Centers for Disease Control and Prevention [16] . Standard techniques were used to measure blood pressure, height and weight and to calculate BMI [15] . Fasting blood specimens were analyzed at the Core Laboratory of the Irving Center for clinical research on a Hitachi 912 automated spectrometer (Hitachi, Ohio, USA). Hypertension was defined as either systolic blood pressure levels 6 140 mm Hg, diastolic blood pressure 6 90 mm Hg or history of hypertension. Diabetes mellitus was defined as a history of diabetes or a fasting blood glucose 6 126 mg/dl (7.0 mmol/l). Cardiac disease was defined based on a patient's self-reported history of angina, myocardial infarction, atrial fibrillation or valvular heart disease [15] . Smoking was categorized as past, current or never. Moderate alcohol intake was defined as more than 1 drink per month, but not more than 2 drinks per day. Any physical activity was defined by subject report of engaging in any leisure activity (walking for exercise, running, gardening, etc.) over the 10 days prior to enrolment.
Dietary Assessment
Fat intake at baseline was assessed using a modified Block food frequency questionnaire, which listed 207 foods (HHHQ version Full87, Form A, Form B) [17] . Participants were asked to record how often each food was eaten and the portion size. Fat intake was calculated from questionnaire responses using Block Dietsys version 3.0 software [18] , which is based on food composition data from the US Department of Agriculture Nutrient Database for Standard Reference [19] , and NHANES II (the second National Health and Nutrition Examination Survey) [20] . Calculations accounted for cooking and table fats and visibly fatty portions of meat. The validity of the food frequency questionnaire has been evaluated in previous studies [17] .
Outcome Measures
Participants were screened annually by telephone interview to detect events, and continuous surveillance of local hospital admission and discharge ICD-9 codes was conducted. In addition, subjects and their families were reminded to notify NOMAS in the event of a stroke, MI or death. When an event was reported, a physician blinded to all baseline information reviewed the participants' medical record and, where appropriate, autopsy reports or death certificates. The primary outcome measure in this analysis was ischemic stroke.
Statistical Analyses SAS version 8.02 (SAS Institute, Cary, N.C., USA) was used for statistical analyses. The ischemic stroke incidence rate in each quintile of total fat intake was calculated as the number of ischemic stroke events divided by the follow-up time in that quintile. Cox proportional hazards models were used to obtain HRs with 95% CIs for ischemic stroke risk comparing each quintile of fat intake to the lowest quintile (reference group). Models were adjusted for race-ethnicity, gender, age hypertension, diabetes, cardiac disease, age, race/ethnicity, gender, BMI and physical activity levels. We have dichotomized age as 1 65 versus ! 65 years because the relationship between age and stroke risk is different in those over and under 65 years. This definition is consistent with our previous work. Additional adjustments were performed to account for the caloric needs of each individual and we also adjusted for total calories and intake of dietary confounders. A second Cox model was used to determine the relative risk of ischemic stroke associated with a total dietary fat intake greater than 65 g. Models were also constructed using the percentage of daily calories obtained from total fat, and from each fat subtype. In subgroup analysis, we removed 151 subjects with improbable caloric intakes ( ! 800 kcal or 1 4,200 kcal in men, or ! 500 kcal or 1 3,500 kcal in women) [21] .
Results
Of the 3,183 participants in NOMAS with dietary information, 63% were women, 21% were non-Hispanic white, 24% non-Hispanic black and 52% Hispanic; their mean age was 69.1 8 10 years. Subjects were followed for a mean of 5.5 years, during which 142 ischemic strokes occurred. The sociodemographic and risk factor profiles of subjects by quintile of fat intake are shown in table 1 . Age, sex, education, current smoking, alcohol intake, weight and BMI were related to total fat intake quintile. Mean caloric intake was 1,565 8 735 kcal/day (median 1,433 kcal/day), and mean fat intake was 61 8 34 g/day (median 53 g/day). The average participant consumed 21 g (11% of calories) of saturated fat, 23 g (13% of calories) of oleic acid, 10 g (6% of calories) of linoleic acid, and 243 mg of cholesterol daily. The intake of total fat was associated with increased intake of all other nutrients, as well as total calories.
The relationship between total daily fat intake in quintiles and ischemic stroke is shown in figure 1 . The ischemic stroke risk for those in the highest quintile of fat intake was higher than for those in the lowest quintile, both in unadjusted analyses and after adjusting for age ( ! 65 vs. 1 65 years), race/ethnicity (non-Hispanic black, non-Hispanic white, Hispanic), sex, education (completed high school vs. not), hypertension, diabetes, coronary artery disease, moderate alcohol consumption, current smoking, previous smoking, any physical activity and BMI (HR 1.6, 95% CI 1.0-2.9). A test for trend to assess whether there was a significant dose response relationship did not find one. The magnitude of the risk after further adjusting for total calories was similar (HR = 1.6, 95% CI 0.6-3.9) although not significant. Similarly, when fat as a percentage of total daily calories was examined, those who obtained 45% or more of their calories from fat showed a trend toward an increased risk of ischemic stroke (HR 1.4, 95% CI 0.8-2.4, p = 0.08).
When we examined total fat consumption as dichotomized as 6 65 g versus ! 65 g, we found that those who consumed 1 65 g of fat daily had a higher risk of stroke ( table 2 ) . This relationship remained significant after adjustment for age, race/ethnicity, sex, education, hypertension, diabetes, coronary artery disease, moderate alcohol consumption, current smoking, previous smoking, any physical activity and BMI. After adjustment for total calories, and other dietary confounders, the significance was attenuated. No significant interactions were found for the relationship with total fat intake and stroke by age, sex, race/ethnicity or BMI ( fig. 2 ) .
We also examined the relationship between fat subtype and ischemic stroke. Participants were divided into quintiles by intake of fat subtype (taken as a percentage of total calories), and dietary cholesterol. There was a trend toward an increased risk among those in the top quintile of saturated fat (HR 1.7, 95% CI 0.8-2.3), but not for monounsaturated fat, polyunsaturated fat or dietary cholesterol.
Discussion
Our study supports a significant relationship between the highest quintile of total dietary fat intake and the risk of ischemic stroke in a multi-ethnic urban population which did not differ by race/ethnicity. Additionally, we found that daily intake of 6 65 g of fat (approximately (10) 85 (13) 91 (14) 115 (18) 131 (21) a Moderate alcohol (>1 drink per month and ≤2 drinks/day) 172 (27) 188 (30) 213 (33) 222 (35) (26) 143 (22) 146 (23) 137 (22) 162 (26) Diabetes 132 (21) 141 (22) 126 (20) 145 (23) 133 (21 37% of calories for the average study participant in this study) was associated with a 60% higher ischemic stroke risk, even after adjustment for vascular risk factors. However, after adjustment for caloric intake, the significance associated with increased total fat intake was attenuated, although the risk effect remained similar. This attenuation may be related to over-adjustment in a model with a large number of co-variates, or to the relatively low total caloric intake in the overall cohort. Further, adjusting by total caloric intake is a methodology used by some but not all studies performing dietary analysis. Previous studies of dietary fat intake and ischemic stroke have produced mixed results. High saturated fat intake [11] , high intakes of fish [22, 23] , fish-derived polyunsaturated fats [24] , and high serum polyunsaturated fats [25, 26] have been associated with decreased ischemic stroke risk. Other studies reported that dietary intakes of animal fat, saturated fat, monounsaturated fat and cho- Figures in parentheses are 95% CI. Sociodemographics = age (<65 vs. ≥65 years), race/ethnicity (non-Hispanic black, non-Hispanic white, Hispanic), sex, education (completed high school vs. not); risk factors = hypertension, diabetes, coronary artery disease, moderate alcohol, current smoking and previous smoking; BMI and PA = body mass index (as a continuous variable) and any leisure physical activity over the past 10 days; dietary confounders = sodium, potassium, fruit/vegetable calcium, fiber, vitamin E; calories = total calories (in quintiles); ref. = reference. lesterol were positively related to subclinical vascular disease, including carotid wall thickness [23, 27] . A number of prospective cohort studies have reported that higher intakes of saturated fat are associated with decreased stroke risk [8] [9] [10] . Most of these studies, however, were performed in Japanese populations that consume relatively low amounts of total fat (median 47 g daily), protein and cholesterol [9, 10] , and which have a higher rate of stroke and particularly hemorrhagic stroke than Western populations. Indeed, the very lowest levels of intake of some fat subtypes are associated with a higher stroke risk, but these findings are probably not applicable to the US population, in which daily mean fat intake is approximately 68 g among women and 95 g among men [28] . A few US studies have also reported that increasing saturated fat, cholesterol and monounsaturated fat intake may be associated with lower rates of ischemic stroke [8] , although these results are controversial [29] [30] [31] . Neither the Health Professionals Study or Nurses Health Study report a deleterious effect on ischemic stroke with high total fat intake, although total fat intake was associated with intraparenchymal hemorrhage [2, 12] .
Prospective dietary information examining the relationship between vascular risk and dietary intake, including fat, is limited among minority populations, especially Hispanics. Indeed, few studies have utilized prospective data to examine the relationship between total fat intake and ischemic stroke in different racial/ethnic groups [32, 33] . Our work suggests that fat intake is high among all three racial/ethnic groups in this urban community as we report that over 36% of participants consumed more than 65 g of fat per day, with whites (30%), blacks (37%) and Hispanics (37%) consuming similar high amounts.
The strengths of the NOMAS study include our large, multi-ethnic population-based sample, rigorous followup with valid assessment of ischemic stroke outcomes, and a detailed baseline assessment including measurement of height and weight. The food frequency survey is valid, as evidenced by the appropriate caloric intakes we observed for our population. Our observed mean and median total calorie intakes are slightly low, but they are consistent with intakes expected in an elderly, sedentary, predominantly female population [34] .
Limitations of the study include an estimation of fat intake using a single food frequency questionnaire covering consumption over the prior 12 months. This type of data collection could result in dietary misclassification. Previous work has shown a reasonable correlation between the results of the Block on repeat administration, and compared to a 7-day food diary [7, 17] . Another limitation of this study was the inability to examine the effect of trans -saturated fat on ischemic stroke due to lack of specific data on this fat subtype. Additionally, we had limited data available on ischemic stroke subtypes as well as small numbers of hemorrhagic stroke and therefore we could not estimate these risks.
Data on dietary fat and ischemic stroke risk are less established than those on cardiac risk [35] . Our findings provide additional evidence suggesting that a high dietary fat intake is significantly associated with elevated risk of ischemic stroke.
